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The Chemistry o f  2 -Tr ip tyceny lm ethy lene  (5 9  pp . )
D i r e c to r :  Edward E. Waali
The synthesis  of  sodium s a l t  of tosylhydrazone of  t r ip ty c e n e  2 -  
carboxaldehyde ^  was reported .  The decomposition o f  §§ was c a r r ie d  out  
by s o lu t io n  thermolys is ,  photo lys is  and vacuum p y r o ly s is .  The r e s u l t in g  
products were analyzed.  The s t ru c tu re s  of  the alkene dimer ( c i s ) 
the alkene dimer ( t r a n s ) 70. t r ip ty c e n e  2-carboxaldehyde M ,  the az ine  
the  in s e r t io n  products 22. and the sulfone and tHe s u l f i n a t e  
24. were i d e n t i f i e d  and proved. The o v e r a l l  rearrangement scheme of  
c e r ta in  constrained c y c lo h e p ta t r ie n y l id e n e s  and cycloheptate traenes was 
shown. The carbene 62 was not involved in the carbon atom e l im in a t io n  
re ac t io n  from constra ined a l le n e  55.
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CHAPTER 1
INTRODUCTION
A. E le c t ro n ic  S t ru c tu re  o f  Carbenes
The carbene, as one o f  the most r e a c t iv e  In term edia tes ,  has a t ­
t ra c te d  much i n t e r e s t  in  organic chemistry . Carbenes may be def ined as 
d iv a le n t ,  neutra l  carbon in term ed ia tes .  More p re c is e ly ,  the carbene 
carbon is  l inked by two covalent  bonds and possesses two nonbonding 
e lec tro ns  which may have a n t i - p a r a l l e l  spins ( s i n g l e t  s t a te )  ^  or p a r a l ­
l e l  spins ( t r i p l e t  s t a te )  ^ ^
..... "-̂ S)
R - ^ o < a £ )  ÿ  < DÔ
Genera l ly ,  the t r i p l e t  s ta te  is  more s ta b le  than the s in g le t  s ta te
2 1 4of a given carbene but there  are exceptions. ’ ’
The e le c t r o p h i1 i c i t y  or  nucleophi1i c i t y  of  s in g le t  carbenes depends 
s trong ly  on the a b i l i t y  o f  the adjacent  groups to  withdraw e lectrons  
from or supply e le c t ro ns  to the carbene carbon.
B. Generation o f  Carbenes
There are many ways to generate c a r b e n e s . ^ ®  The e a s ie s t  
approach is from thermolysis  or photo lys is  of  the sodium s a l t  of  the  
tosylhydrazones as i l l u s t r a t e d  below.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
R H R u  R No
^ C = 0   >  '^C-NNTs — —  ■»  ^C -N N Ts
Et OH p , /  THF p ' /
R s ^  Na A  or hï> A  or hp
CNNTs ^ --------
R '^  R ' ^
C
R ' ^
5 6 7
Ketones and aldehydes 2  can be converted in to  tosylhydrazones ^  
with  tosy lhydraz id e .  By t r e a t i n g  4_ with  sodium hydride in te t ra h y d ro -  
furan (THF), the sodium s a l t  5_can be obtained in good y i e l d .  Decompo­
s i t i o n  of  _5 e i t h e r  therm a l ly  or photochemically , w i l l  g ive the c o r re ­
sponding diazocompound 6 which under the reac t ion  condit ions can be
1 8f u r t h e r  decomposed to the carbenes 7_, ’
C. Reactions o f  Carbenes
The r e a c t i v i t i e s  of  the parent carbene, methylene, have been in ­
vest iga ted  e x te n s iv e ly .  There fore ,  i t s  react ions  were used as ty p ic a l  
carbene react ions .
1. In s e r t io n  Reactions o f  Carbenes
a. In s e r t io n  in to  Carbon-hydrogen Bonds
This is  one o f  the most c h a r a c t e r is t i c  react ions of  the
9
s in g le t  carbenes. The reac t io n  is  be l ieved to proceed by a concerted  
" th re e -c e n te r"  mechanism w i thout  a d e te c tab le  in term edia te  as shown
U 1 10below.
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C —H + îCHa ------------—“ C  H ' ■> — C —
Hz
b. Abstrac t ion  Reactions o f  T r i p l e t  Carbenes
The react ions between carbenes and hydrocarbons form, in 
a d d i t io n  to  the products o f  d i r e c t  in s e r t io n s ,  various com­
pounds which are best accounted fo r  by the r a d ic a l  character  of  
the t r i p l e t  carbenes.
T r i p l e t  carbenes can re ac t  with the hydrocarbon to  form two 
f r e e  ra d ic a ls  which are responsib le  f o r  the products formed as 
shown below.
R - C H 3
:C Hg + R —H —-  CHg + R —- R —R
CH3-CH3
2. Reactions w i th  M u l t i p le  Bonds
a. Reactions w i th  O le f in s
Methylene adds e a s i l y  to carbon-carbon double bonds to  form
11cyclopropanes as shown below.
:C H , + \
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Addit ion react ions  o f  s in g le t  carbenes are s te re o s p e c i f ic  
c is  a d d i t io n s ,  c is - 1 , 2 -D is u b s t i tu te d  cyclopropane products 
were obtained from c i s- o l e f i n s  and t r a n s - 1, 2 - d i s u b s t i t u ted 
cyclopropane products from t r a n s - o l e f i n s .  The add i t ion  process 
w i l l  be n o n -s te re o s p e c i f ic  whenever a carbene reacts  in i t s  
t r i p l e t  s ta te .
In the gas phase, the newly formed s in g le t  carbene may 
c o l l i d e  many times and may be converted in to  the t r i p l e t  s ta te  
before i t  reacts  with  o l e f i n s .  The mechanism fo r  the a dd i t ion  
react ions o f  s i n g l e t  carbenes and t r i p l e t  carbenes is  shown 
below. The s t e r e o s p e c i f i c i t y  has been used to  r e f l e c t  the
s in g le t  s ta te  o f  the re ac t in g  carbene (not  necessary i t s  ground
12s t a t e ) .
CM
R
R'
/ + or
(:
R2
1
w
R2(")
R 3 H
R200
R3#
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b. Reactions with  Dienes
The reac t io n  between methylene and butadiene appeared to
invo lve  1 , 2 -  ra th e r  than 1 ,4 - a d d i t i o n  and vinylcyclopropane
13was the major product as shown below.
O CH2 < X - :CH2 +
HC
y
c. Reactions w i th  Acetylenes
The photo lys is  o f  diazomethane in the presence of  acetylene  
gave a l le n e  and propyne instead of  the expected cyclopene.
The formation o f  a l l e n e - 1 , 1 , - d , ( 8 )  from a c e ty le n e -1 , 2 - d j (9 )  
in d ica ted  th a t  the a l le n e  a r ised  by way of  a cyclopropene
in term edia te  as shown below. 14
D —C s C  —D + :CH, D - C = C - D
V
H2
10
C H 2 » C = C D 2  
+ 8
CH_D—C =  C —D
9
Trapping of  the cyclopropene 10 was impossible even under 
favorab le  condit ions  of c o l l i s i o n a l  d e a c t iv a t io n .  No spectra l  
evidence fo r  the presence of  e i t h e r  cyclopropene or methyl-  
acety lene  was obtained a f t e r  photo lys is  o f  so l id  a rgon-acety -  
lene-diazomethane deposits  a t  4 K. A l lene  was the major 
product.
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d. Reactions with Aromatic Compounds
The photo lys is  o f  diazomethane in benzene s o lu t ion  gave 32% 
c y c lo h e p ta t r ie n e  and 9% t o l u e n e . C y c l o h e p t a t r i e n e  had 
been obtained from the ca ta lyzed re ac t io n  o f  diazomethane with  
benzene. Cuprous c h lo r id e ,  cupric  c h lo r id e  and cuprous bromide 
were the most e f f i c i e n t  c a ta ly s ts  among 18 metals and metal 
s a l ts  employed; but these react ions probably proceed through a
1 Q
copper carbenoid mechanism.
3. Reactions with Molecular Oxygen
Molecular oxygen, as a ground s ta te  t r i p l e t ,  is  f re q u e n t ly  used
19as a ra d ic a l  scavenger. I t s  behavior toward carbenes provided a 
chemical method in ev a lua t ing  the spin s ta te  o f  the carbenes a t  the  
moment o f  re a c t io n .  For example, the presence of  oxygen in the  
photo lys is  o f  diazomethane l e f t  the c h a r a c t e r i s t i c  in s e r t io n  pat ­
te rn  of  methylene unchanged, but e l im ina ted  the minor ra d ic a l  
a b s trac t io n  r e a c t io n .  The s e n s i t i v i t y  o f  methylene toward oxygen 
increased in the presence of a la rg e  excess of  i n e r t  gas. This  
e f f e c t  is a t t r i b u t e d  to the s i n g l e t - t r i p l e t  t r a n s i t i o n  of  methylene  
brought about by many c o l l i s io n s  with  i n e r t  gas molecules. The 
s t e r e o s p e c i f i c i t y  o f  the a d d i t io n  of  methylene to  subs t i tu ted  a l -  
kenes increased i f  oxygen was allowed in the reac t ion  media. This  
c l e a r l y  in d ica ted  t h a t  the n o n -s te re o s p e c i f ic  a dd i t ion  of carbenes 
to o l e f i n s ,  o r ig in a t in g  from a r a d ic a l - t y p e  character  of the c a r ­
benes, was p ro h ib i te d  from tak ing  place due to the exis tance of  
ground s ta te  t r i p l e t  oxygen molecules.
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D. S tru c tu re  o f  Aliénés
Aliénés are compounds which contain  C=C=C fu n c t io n a l  groups. The
c e n t ra l  carbon atom has s p -h y b r id iz a t io n  with the remaining two p-
o r b i t a l s  perpendicular  to each other .  The adjacent two carbon atoms 
2
have sp - h y b r id i z a t io n  with  one p - o r b i t a l  remaining f o r  each carbon.
Each of  these p - o r b i t a l s  w i l l  over lap  w i th  one of the two p - o r b i t a l s
from the centra l  carbon atom. Therefore ,  the C-C-C angle is 180° and
the two H-C-H planes are orthogonal.  Because of  t h e i r  unique s t ru c tu ra l
fe a tu re s ,  some a l ién és  are c h i r a l .  I t  was t h i s  c h i r a l i t y  which helped
20
chemists in solving many s t ru c tu re  problems.
c — c — c
R ' /  R "
E. Generation o f  Aliénés
Aliénés may be prepared by dehydrohalogenation o f  v iny l  ha l ides .
For example, t reatment of  1-chlorocycloheptene ( 11)  w i th  a lc o h o l ic  KOH
21gave 1 , 2-cycloheptadiene ( 1 2 ) .  The in term edia te  dimerized immediate­
ly .  The o v e ra l l  reac t io n  is shown below.
o o
I I  12
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F. Completely Conjugated, Cyclic Carbenes and Aliénés
For the past twenty years, carbene chemists have focused on a 
series^ o f  ca rb oc yc l ic ,  completely  conjugated carbenes because of t h e i r  
in heren t  specia l s t ru c tu ra l  fe a tu re s .  The e l e c t r o p h i 1i c i t y  or nucleo-  
p h i l i c i t y  of  a carbene depends s tro ng ly  on the adjacent  groups to w i th ­
draw e lec trons  from or supply e lec tro ns  to the carbene carbon. In the  
se r ies  o f  ca rbocyc l ic ,  completely conjugated carbenes, the e le c t r o n ic  
character  o f  the carbene carbons can be a l te r e d  by incorporat ing  the 
empty p - o r b i t a l  or the non-bonding e le c t ro n  p a i r  on the carbene carbon 
of the s in g le t  carbenes in to  the center  aromatic system. For example, 
i f  the non-bonding e le c t ro n  p a i r  is  involved in the aromatic system, the  
r e s u l t in g  carbene should be e l e c t r o p h i l i e ;  i f  the empty p - o r b i t a l  is  an 
in te g ra l  p a r t  o f  a aromatic system, the r e s u l t in g  carbene might be 
n u c le o p h i l ie .
1. Cyclopropenylidene (13) and Cyclopropadiene (14)
A A
13 14
The diphenyl d e r i v a t i v e  of 13 (1 7 )  was generated by base-  
induced O - e l i m i n a t io n  of  the N,N-dimethylcarbamic acid from the
22
carbamate 1^ which was produced i_n s i t u  from the n i t rosourea ]J .
The in term edia te  17 showed the a n t ic ip a te d  low e l e c t r o p h i 1i c i t y  (no
tendency to r e a c t  w i th  t y p ic a l  a lkenes)  and apparent n u c l e o p h i l i -
22
c i t y  ( r e a c t io n s  w i th  e l e c t r o n - d e f i c i e n t  double bonds).
8
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The generat ion o f  cyclopropenyl idene i t s e l f  (^ 3 )  was achieved
r e c e n t ly  by f la s h  thermolysis  o f  a h ig h ly  constra ined compound 1§.
23I t s  m atr ix  i s o l a t i o n  in f r a r e d  spectrum was recorded. The lack of  
an e le c t ro n  spin resonance (ESR) spectrum o f  the m a t r i x - i s o la t e d  
product ru led aga inst  the ex istence o f  a t r i p l e t  species. No 
spectra l  evidence ind ica ted  the ex is tence  o f  14.
Ph
Ph
,N
) iX h ' ô
15
O
N M e j
Ph
Ph
- C “N Mes
16
Ph
Ph
17
A
13
18
2. Cyclopentadienyl idene (1 9 )  and 1,2 ,4 -C y c lo p e n ta t r ie n e  (20 )
O
19 20
When diazocyclopentadiene was photolyzed at  4 or 77 K in a
s o l id  m atr ix ,  a t r i p l e t  ESR spectrum was recorded which was a t t r i -
24buted to the ground s ta te  of  ] 9 .  When diazocyclopentadiene was
photolyzed at  room temperature, i t  showed ty p ic a l  s in g le t  carbene 
25chemistry. The d e r iv a t iv e s  o f  cyc lopentad ienyl idene also showed
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
24 25at r i p l e t  carbene chemistry; ' however, the t r i p l e t  carbene chem-
26 27i s t r y  was a lso shown in s o lu t io n .  ’
Apparent ly ,  the time required f o r  the s i n g l e t  in term edia tes  to  
r e ac t  w i th  the surrounding molecules must be comparable to the time  
required f o r  the s i n g l e t  in term edia tes  to undergo intersystem
crossing to the t r i p l e t s .  In MNDO c a lc u la t io n s ,  two energy minima
28 2 were found fo r  p lanar  s in g le t  19. These corresponded to (7 and
2 9
7T carbenes, and s u r p r is in g ly ,  the " a n t i -a ro m a t ic  s in g le t "  O was
2
more s tab le  than "aromatic" s in g le t  i f  . I t  was found th a t  non-
2
planar  a n t i -a ro m a t ic  s in g le t  a  w i th  symmetry was the lowest  
energy 19, and the p lanar  carbenes (both aromatic and ant i —
28aromatic)  were t r a n s i t i o n  s ta tes  and not even energy minima.
3, Cyc1o h e p ta t r ie n y 1idene (2 1 )  and 1 , 2 , 4 , 6 -Cyc lohepta te traene  (22 )
f  \
21 22
The CyHg in term edia te  was r e a d i ly  a v a i la b le  by thermolysis  or
26 29—32photo lys is  of  the sodium s a l t  of  tropone tosylhydrazone ’
More d e ta i le d  d e s c r ip t io n  of  the chemistry  w i l l  be discussed
in Carbene Rearrangements and constra ined c y c lohepatr ieny1idenes 
and cyc lohepta te traenes .
10
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4. Cyclononatetraenyl idene (^) and Cyclononapentaene (24)
23 2k
In an attempt to generate 24, Waali and A l l i s o n  reported the
is o l a t i o n  of indene, and i t s  formation was suggested as e le c t r o c y c -
33l i e  r ing  closure fo l lowed by hydrogen m igra t ion .
When l i th iu m  cyclononatetraen ide  ( ^ )  was allowed to  reac t  w ith  
4 -n i t robenzenesu lfony l  az ide ,  9 , 9 ' - b i s b i c y c l o [ 4 . 3 . 0 ] - c y c l o n o n a -  
t r i e n e  26 was is o la te d  in 33% y i e l d . A  possib le  reac t ion  mecha­
nism is  shown below.
Cl
ISC
RH
27 2526 ^  ^  
Recently, is o to p ic  l a b e l l i n g  s tudies  showed th a t  the symme­
t r i c a l  cyclononatetraenyl  r a d ic a l  27 was produced d i r e c t l y  from 25 .
35The carbene 23 was not involved in t h i s  re a c t io n .
11
Li
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6. Carbene-Allene Rearrangement
Owing to  the  e x t ra  s t a b i l i t y  from a r o m a t ic i ty ,  i t  was o r i g i n a l l y  
be l ieved  t h a t  21 might be s ta b le  enough to  be is o la te d  a t  l i q u i d  n i t r o ­
gen temperature. W. M. Jones and his  coworkers set  out with the task to  
i s o l a t e  ^  a t  l i q u i d  n i t rogen temperature. When sodium s a l t  o f  tropone
tosylhydrazone ( ^ )  was pyrolyzed a t  250°C under high vacuum, the d ia z o -
22compound M  would be formed. Under the same re ac t io n  cond it ions ,  29 
would be f u r t h e r  decomposed to  g ive  in term edia te  22. A t rap  immersed in 
l i q u i d  n i t rogen was connected to the end of  the p y ro ly s is  tube. At the  
end o f  the experiment a l i g h t  colored s o l id  was formed which when warmed 
up to  -100°C changed to the dark-brown s o l id ,  hepta fu lva lene  ( ^ ) .  The 
immediate precursor to the formation of  30 must be the l i g h t  colored  
s o l id  which they thought was 21. Encouraged by t h i s  p re l im in a ry  r e s u l t ,  
i t  was thought t h a t  th is  might be a standard way to is o l a t e  many types 
o f  carbenes. In another experiment, they attempted to  is o l a te  phenyl-  
carbene ^  a t  l i q u i d  n i t rogen temperature. When the sodium s a l t  of  
benzaldehyde tosylhydrazone ( ^ )  was pyrolyzed with  the same procedures  
described above, ^  was found to be the only product.
This observation opened up a new chapter in carbene chemistry.  
S in g le t  carbenes generated in i n e r t  media s t a b i l i z e  themselves by under­
going e i t h e r  in t ra m o le c u la r  rearrangement to g ive  v a le n c e -s a t is f ie d  
products or  in tersystem crossing to g ive  the lower energy t r i p l e t s .
Formation of  30 from p y ro ly s is  o f  ^  in the gas phase strongly  suggested
36t h a t  a r ing-expansion rearrangement took place.  Crow and Wentrup 
p re d ic te d ,  based on t h e i r  r e s u l ts  from the in traconvers ion  o f  2 - p y r i d y l -
12
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carbenes ( ^ )  and phenyl n i t renes  (34) and N-scrambl i ng in  2 - p y r ' i d y l -  
n i t r e n e s ,  t h a t  ^  and ^  could be t ransfo rmed in to  each o the r  w i th  the 
r in g  c o n t r a c t io n  favored over r in g  expansion.
N~N“ Ts
28
A or  hp
21
A or hi/
/
30
Na 
N ~N  — Ts
H
C - R
33
31
H
R
In sp i red  by the r e s u l t s  from W. M. Jones and C. Wentrup, M. Jones 
showed the in te rc o n v e rs io n  o f  s u b s t i t u te d  phenylcarbenes and t h e i r  f u r -
13
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37
th e r  rearrangement to methyl phenylcarbene. This r e s u l t  c l e a r l y  sug­
gested t h a t  the rearrangement o f  22 to  ^  is r e v e r s ib le .
The in terconvers ion  o f  su b s t i tu ted  phenylcarbenes was demonstrated 
by construct ing  molecules in corpora t ing  a carbene t ra p  a t  a remote 
po s i t ion  w i th in  the same molecule. The carbene can only reac t  with the  
in te r n a l  t rap  i f  rearrangements occur. The in t e r n a l  t ra p  chosen was a 
methyl group. I t  was a n t ic ip a te d  th a t  should in terconvers ion  of the  
to ly lcarbenes  occur, products from o - to ly lc a rb e n e  (3 5 )  would be is o la te d  
no matter  which o f  the isomers was used as the s t a r t i n g  m a te r ia l  as 
shown below.
o oo
38
R =C H ,
I t  was expected t h a t  35 would be trapped as benzocyclobutene (37 )  
and th a t  f u r th e r  rearrangement to methyl phenylcarbene (3 6 )  would be 
signaled by the appearance o f  styrene ( | § ) .
The to ly lcarbenes  were generated in the gas phase by evaporating  
the corresponding diazo compounds a t  0 .5  t o r r  through a 420°C furnace  
in to  a t ra p  cooled in a dry ice -acetone  s lu r r y .  o-Tolyldiazomethane  
(3 9 )  gave both 37 and ^  in a 2 .8  r a t i o .  Remarkably, m - t o ly ld ia z o -
14
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methane ( ^ )  and p - to ly ld iazom ethane  ( ^ )  a lso gave 37 and ^  in a 0 .8  
r a t i o  as shown below.
C H N
C HN
CH 40
CH
38
o -
m-
2.8
0.8
P- 0-8
In order to account fo r  the formation of  the benzocyclobutene and
styrene a reac t ion  mechanism was proposed based on the known c y c l i z a t io n
38 39of  v iny lmethylene 4^ to cyclopropene ^  and i t s  r e v e r s a l .  '
(Scheme 1) Recently, Wentrup reported t h a t  phenyl carbenes may some­
times rearrange d i r e c t l y  to  the a l le n e  without the b i c y c l i c  in term e-  
40d ia te s .  Therefore ,  a revised mechanism was shown in Scheme 2.
A
42 43
15
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Scheme 1. Rearrangement scheme via bicycloheptatrienes.
:C H
CH.
CH CM
m -
I
CH
CH
o-
1
CH.t )  ^-.-O  T„_jd
:CH
:C H
C H j
CH
1  \
CH
CH
1
o
16
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Scheme 2, Rearrangement scheme without bicycloheptatrienes,
:CH
o
CH3
p -
:CH
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:CH
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CH.
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Jones and his coworkers then took a second look at the mystery,
then 57 years o ld ,  of  how diphenylmethylene is  th e rm a l ly  converted in to
41f lu o re n e .  Staudinger and Endle had obtained f lu oren e  from the gas 
phase p y ro ly s is  of  d iphenylketene ( M )  in 1913 and suggested t h a t  d i ­
phenylmethylene was an in term ed ia te  and underwent H-migrat ion to give
42f lu oren e  ( ^ ) .  Rice and Michael son obtained the same r e s u l t  from 
diphenyldiazomethane ( ^ )  as shown below.
c=c=o
44
C = N 2
46
g
o
45
18
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I t  was pointed out by W. M. Jones t h a t  should H-migrat ion be re ­
sponsible  f o r  the formation o f  f lu oren e ,  then, one should observe the  
formation o f  3 -m ethy l f luorene  (4 7 )  from £ - to ly lpheny Id iazom ethane  (4 8 )  
w hile  a m u l t ip le  carbene-carbene rearrangement, proposed by Baron, Jones 
and Gaspar, would y ie ld  2-methyl f lu oren e  ( ^ )  as shown below.
CH
o
1
1
CH CH
CH
47
CH
C H
o
Q
49
19
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As a matter  o f  f a c t ,  when £ - t o l y l p h e n y l d i a 2omethane was pyrolyzed
at  350-375°C, only 4^ was obtained and no d e te c ta b le  47 was found. This
observat ion s t ro ng ly  support the mechanism suggested by Baron, Jones and
Gaspar (Scheme 1 and 2 ) .  Further  evidence proving the v a l i d i t y  o f  th is
mechanism came from the experiment by Hedaya and Kent.^^ They c a r r ie d  
13out a C l a b e l l i n g  experiment. p -To ly la ld eh yde  was labeled a t  the
13aldehydic carbon w i th  C, and was converted to  the sodium s a l t  of
tosylhydrazone by the  usual procedures. The s a l t  was pyrolyzed a t  700*C
in a low-pressure short  contact  t ime f low system, w i th  no loss o f  la b e l .
Benzocyclobutene and styrene was formed in a 0 .83 :1  r a t i o .  The p o s i t io n
of the label  in the benzocyclobutene was unequivocally  es tab l ished  by
13proton NMR to  be [ 4 -  Cjbenzocyclobutene. The styrene was examined by 
60 -  and 200-MHz proton NMR and 22.63-MHz NMR and the r e s u l t  showed 
the label  a t  the para carbon of the styrene (Scheme 3 ) .  This was e x a c t ly  
the r e s u l ts  pred ic ted  by the Baron, Jones and Gaspar mechanism.
H. Constrained C yc lohe pta t r ie ny l id e ne s  and Cycloheptatetraenes
Untch discovered th a t  the dehydrohalogenation of  1 - ,  2 -  or 3 -  
ch lo ro cy c lo he pta t r ie ne  (^ -5 2 _ )  w ith  strong base gave an in term edia te
th a t  showed the same p ro p er t ie s  as those der ived from the standard
, 44carbene precurser.
20
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Scheme 3. experiment results.
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51
0 -
B
B
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52
/
:C I
This observat ion introduced an in t e r e s t in g  p o s s i b i l i t y  th a t  the  
common in term edia te  from two d i f f e r e n t  sources might have an a l ié n é  
s t ru c tu re ,  e .g .  or possib ly  might best respresented as an in te rc on­
v e r t in g  mixture  o f  the isomers. Both INDO^^ and MNDO^  ̂ c a lc u la t io n s  
in d ica ted  t h a t  the a l le n e  is  more s ta b le  than the carbene. The MNDO 
c a lc u la t io n s  also in d ica ted  t h a t  the p lanar  s in g le t  is  not even an
energy minimum but a t r a n s i t i o n  s ta te  f o r  the in terconvers ion  of  the
46nonplanar, c h i r a l  22 and i t s  enantiomer.
f  \
22 21 22
22
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There fore ,  a l l  the chemistry  a t t r i b u t e d  from a carbene might ac tu ­
a l l y  o r ig in a t e  from an a l le n e .  By using the c h i r a l i t y  of  cyc lo h e p ta te -  
47t raen e ,  Jones also provided experimental evidence in d ic a t in g  the ex -
48is tance  o f  the a l le n e  22. Chapman and his coworkers also observed the
IR spectrum of  the a l le n e  £2.
Based on the nonplanar s t ru c tu re  o f  the a l le n e ,  i f  the bonds ex­
t rud ing  from the carbons of  a l le n e  could be constra ined to  the same
plane, there  is  a good chance of  observing pure carbene chemistry. In 
more general terms, i f  c o n s t ra in ts  were appl ied to C3-C4, C5-C6 and C7- 
01 in a l le n e ,  the s t a b i l i t y  o f  the a l le n e  should decrease and the chance 
of observing a p lanar  carbene chemistry  should increase.
49The benzoannulated c y c lo h e p ta t r ie n y l id e n e  ^  has been generated  
and found to  be ground s ta te  t r i p l e t s ,  but th is  is  probably best viewed 
as a constrained versions of  diphenylmethylene (5 4 )  also known as ground 
s ta te  t r i p l e t .
53 54
I t  is  the c u r re n t  goal o f  t h i s  labora tory  to synthesize the con­
s t ra in e d  seven-membered c y c l i c ,  completely  conjugated carbenes or a l ­
iénés w i thout  per turb ing  the e le c t r o n ic  c o n f ig u ra t io n  of the centra l  
seven-membered r in g  v ia  resonance.
23
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Recently, a p a r t i a l l y  constra ined seven-membered c y c l ic  in terme­
d i a t e ,  4, 5 - ( 9 , 1 0 -a n th ra c e n o ) - l  , 2 , 4 , 6-c y c lo h e p ta te t ra e n e  ( ^ ) ,  was formed 
by thermolysis  o f  i t s  sodium s a l t  o f  tosylhydrazone in diglyme a t  125°C 
or by the reac t io n  of  i t s  c h lo r id e  with  KOt-Bu a t  room temperature.
Na^
NNTs
KOt-Bu
55 56
+  Other 
products
Both pathways gave t r ip t y c e n e  ( M )  in 37% and 12% y ie ld ,  respec-  
50t i v e l y .  Although the re  were reports  showing e l im in a t io n  of carbon 
atoms from norbornadienylidene and quadr icyc lanyl idene (58 )^^ ,
e l im in a t io n  of a carbon atom in s o lu t ion  under such mild condit ions is  
very r a re .
57 58
I t  was l a t e r  found t h a t  the oxygen conta in ing solvent  ( THF) was
53a c t i v e l y  involved in accommodating the carbon e l im in a t io n  reac t ion .  
Also, i f  a i r  is  in the reac t io n  vessel ,  both t r ip ty c e n y l  1-carbox-  
aldehyde ( ^ )  and t r ip t y c e n y l  2-carboxaldehyde (60 )  were observed 
(Scheme 4 ) .
24
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Scheme 4. Possib le  mechanism f o r  carbon e l im in a t io n  react ion ,
CHO
59
-c
- c
55
h
56
t - C  ?
II?
25
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The presence o f  t r ip t y c e n e  c l e a r l y  ind ica ted  t h a t  a carbon atom was 
somehow e l im in a te d .  The presence o f  J9  and ^  in d ica ted  th a t  the o r i g i ­
n a l l y  formed in term edia tes  was rearranged to 1- t r i p t y c e n y l  methylene 
(§2 ) and 2- t r i p t y c e n y l  methylene ( ^ )  which then reacted with molecular  
oxygen to give ^  and I t  is  the goal o f  t h i s  th e s is  to synthesize
62 and to determine i t s  r o le  in the react ions  shown in Scheme 4.
26
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CHAPTER 2 
RESULTS AND DISCUSSION
A. Synthesis
r - o NO
•NHs
63
I. Acyl-CI , A I ^
2 . HaO"'
0
1. CI2HCOCH3  
AICI3
2 . H , 0 +
60
1, Brg , NaOH
OH
LiAIH(Ot-Bu):
SOCI
H
HgNNTs
N NTs
C - H
NaH
27
NNTs
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59
T. Preparat ion  o f  T r ip tycene  (§ 6 )
Commercially a v a i la b le  2-aminobenzoic acid ( ^ )  reacted with  
i s o a m y l n i t r i le  at  e levated  temperature to form benzyne which, under 
the reac t ion  cond it ions ,  underwent a 2 + 4 c y c lo a d d i t io n  with  
anthracene to give
54,55,56,57
2. Preparat ion of  T r ip tycene  2-carboxaldehyde (6 0 )
There are two methods reported in preparat ion  of  6Q. The f i r s t  
method involved using r e a d i l y  a v a i l a b le  reagents in the labora tory .  
I t  was a m u l t i - s te p  re a c t io n .  The second method was a s ing le  step 
re a c t io n .
a. Method I :  Preparat ion  o f  60
Tr ip tycene 5^ reacted with  acety l ch lo r id e ,  in the presence
of anhydrous aluminum c h lo r id e ,  at  -20°C in te t ra c h lo ro e th a n e .
54Acid hydro lys is  gave the 2 - a c e ty l t r ip ty c e n e  ( | ^ ) .  O x id a t ive
55cleavage of  64 using sodium hypobromite gave 6^ .  The t r i p t y ­
cene 2-c a rb o x y l ic  acid ^  was converted to the a c y lc h lo r id e  6^  
by the use o f  th iony l  c h lo r id e .  F i n a l l y ,  a s e le c t i v e  reducing  
agent, l i th iu m  t r i - t -b u to x y a lu m in o h y d r id e ^ ^ , was used to reduce 
66 to 60.
I t  was a tedious,  four  step process and the ov e ra l l  y ie ld  
of ^  was q u i te , lo w .  There fore ,  d i r e c t  fo rm yla t ion  of 56 
(Method I I )  was adopted as the standard method fo r  generation
28
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of |0.
b. Method I I :  Preparat ion  o f  60
In t h i s  process, 56 was reacted with  dichloromethyl methyl 
e th e r  in the  presence of  anhydrous aluminum c h lo r id e .  A f t e r
C7
acid  hydro lys is ,  §0 was is o la te d .  This reported method fo r  
the synthesis  o f  60. from was attempted several times with  
poor y ie ld  ( le s s  than 10%). A modified approach by revers ing  
the sequence of  a d d i t io n  o f  dichloromethyl methyl e ther  and 
anhydrous aluminum c h lo r id e  improved the y ie ld  to 37%.
3. Prepara t ion  o f  Tosylhydrazone o f  T r ip tycene  2-carboxaldehyde  
(6 7 )
The aldehyde 6£  was converted to  i t s  tosylhydrazone 6^  by the  
use o f  to s y lh y d ra z id e  in te t ra h y d ro fu ra n  (THF), ( to s y l  =
2 - t o l u e n e s u l f o n y l ) .
4. Preparat ion o f  Sodium S a l t  o f  Tosylhydrazone o f  Tr ip tycene 2- 
carboxaldehyde ( 68 )
The a c id ic  proton of  the tosylhydrazone 67 was removed by 
reac t ing  67 with  sodium hydride in THF a t  room temperature.
29
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B. The Solution Thermolysis of Sodium Salt (68)
69
70
N —
6 8
125'
dig lym e
CHO 6 0
OCH3
C H g-C H - CH2-OCH2CH2OCH3
72
c-s
- 0 “c-o-s
30
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Thermolysis o f  the sodium s a l t  ^  was c a r r ie d  out a t  125-130*C in 
diglyme. P re p a ra t iv e  th in  la y e r  chromatography (PTLC) re su l te d  in seven 
compounds which were i d e n t i f i e d  by t h e i r  high re s o lu t io n  nuclear magnet­
ic  resonance (NMR) spectra  and high re s o lu t io n  mass spectra  (MS), 7^ and 
74 were not i d e n t i f i e d  on the basis o f  t h e i r  high re s o lu t io n  MS.
1. The Alkene Dimer ( c i s )  69
H a
HeHb
Two groups of  doublet  of  doublets a t  7 ,02 and 7 .38  ppm were
assigned to the aromatic protons (H^, Hy , , Ĥ , ) with the AA BB'
p a t te rn  ( J ,=  5 .3 ,  J g = 3 . 4 ) .  The two br idge head protons H
and gave two s in g le ts  a t  5 .36 and 5 .18  ppm. The broad s in g le t  
a t  7 .28  ppm was assigned to the is o la te d  proton (H^) .  The broad­
ening of  t h i s  s in g le t  was caused by the long -range coupling from 
the nearby protons. was found a t  6 .8 8  ppm as a doublet of
doublets ( Jg p= 7 .6 ,  0^ 1 . 5 ) ,  and a doublet  a t  7 .20 ppm came
from Hp proton (J^ 7 . 6 ) .  A plane of symmetry e x is ts  in th is
molecule, th e r e fo re ,  the alkene protons (H^) appeared as s in g le t  a t
6 .36  ppm.
31
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2. The Alkene Dimer (trans) 70
HA
H b
Ho
Hg and Hg, protons have AA'BB' pattern which were ea s i ly  
recognized at  7.03 and 7.36 ppm ( J a,a' = 5.3 ,  Oa,b = 3 . 4 ) .  The bridge 
head protons, and had chemical sh i f ts  at 5.38 and 5.40. The 
d i f fe ren ce  of these two chemical s h i f ts ,  0.02 ppm, is smaller than 
the d i f ference  of those in §9, which is 0.18 ppm. Also found was a 
broad s in g le t  at 7.54 ppm which was assigned to H^proton. A doub­
l e t  of  doublets at 7.03 ppm assigned to proton H  ̂ = 7 .6 ,   ̂=
1 .5 )  and a doublet at 7.31 ppm came from ( J^  ̂ = 7 .6 ) .  An axis 
of symmetry ex is ts  in th is  molecule and the two alkene protons, H^, 
are chemically equivalent with a chemical s h i f t  at 6.91 ppm.
3. The Aldehyde 60
H a H b
32
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Oxygen molecule, a ground s ta te  t r i p l e t ,  has been used as an 
e f f e c t i v e  scavenger fo r  t r i p l e t  c a r b e n e s . I t  was believed th a t  
the th e rm a l ly  produced carbene was f i r s t  formed as a less s tab le  
s in g le t  species which, then,  underwent in tersystem crossing by c o l ­
l i d i n g  with  the solvent  molecules to give the s ta b le  t r i p l e t  c a r ­
benes. I t  was t h i s  t r i p l e t  carbene which reacted with  the molecu­
l a r  oxygen to form the aldehyde 60.
The aromatic protons with AA'BB' p a t te rn  were located a t  6 .92  
and 7.41 ppm ( J a ,a'= 5 .3 ,  J a , b =  3 . 4 ) .  The br idge head protons 
appeared as two c lo s e ly  located s in g le ts  a t  5.51 and 5,52 ppm. A 
broad s in g le t  a t  7 .89  ppm was assigned to proton. Owing to the  
deshie ld ing  e f f e c t  of  the aldehyde f u n c t i o n a l i t y ,  the proton was 
s h i f t e d  downfie ld and merged wi th  the proton signal a t  7 .53  ppm. 
The unique aldehyde proton, H^, appeared as a sharp s in g le t  a t  9 .89  
ppm.
4. The Azine 71
N— N
Ha' Hb
Protons AA'BB' were located a t  6 .97  and 7 .36 ppm as two groups 
o f  double t  o f  doublets  ( J a ,a '= 5 .3 ,  J a , b =  3 . 4 ) .  Bridge head protons 
and gave two sharp s in g le ts  a t  5.44 and 5.47 ppm. A broad
33
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s i n g l e t  a t  7 ,93  ppm was assigned to proton. A doublet of  doub­
l e t s  a t  7 .35  ppm, which was p a r t i a l l y  merged with  AA'BB' protons a t
7 .36  ppm was assigned to A doublet a t  7.41 ppm was assigned to
Hp proton (J = 7 . 6 ) .  The az ine  protons H^appeared as a sharp 
s i n g l e t  a t  8 .5 4  ppm which is  t y p ic a l  fo r  a z i n e . T h i s  r e s u l t  was 
expected because of  the strong desh ie ld ing  e f f e c t  from the neigh­
boring n i t rogen  atom and because th is  is  where a l l  az ine  H's are 
found.
5. The Diglyme In s e r t io n  Product 72
OCHa
Ha Pif fno I
•CH2” C H —C H 2—O C H 2C H 2O C H 3
H ,  '
H * ' H b'
The AA'BB' aromatic protons were assigned with chemical s h i f t s  
a t  6 .9 8  and 7 .36 ppm ( J a , a ' =  5 .3 ,  J a , b =  3 . 4 ) .  Two br idge head 
protons, Hç and Ĥ /, were located 5.37 and 5.38 ppm. The proton,  
appearing a t  7 .24  ppm, was not deshielded l i k e  the one in aldehyde 
60 or azine 71_. Other r e s u l ts  found were t h a t  the proton ap­
peared a t  6 .84  ppm as a broad doublet ( J e , f =  7 . 6 ) ,  the proton 
was recognized as a doublet  a t  7 .26  ( O f , e =  7 . 6 ) ,  and the two 
methoxy groups on a diglyme molecule showed two s in g le ts  a t  3 .18  
and 3 .30  ppm. The benzyl ic  protons and the other  protons from the 
diglyme molecule re su l te d  in a complex signal between 3 .2 6 -3 .6 0  ppm.
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5. The Sulfone 73
H b
Ha
He'
H H
CH3
H a ' H b '
The aromatic protons w i th  AA'BB' p a t te rn  were assigned a t  7 .00  
and 7 .37  ppm ( J a,a'= 5 .3 ,  J a,b = 3 . 4 ) .  Bridge head protons and 
had d i f f e r e n t  chemical s h i f t s  a t  5.26 and 5.39 ppm. A broad sing­
l e t  a t  7 .28  ppm was c o ntr ib u ted  by proton. proton had recog­
n iz a b le  doublet  o f  doublets a t  6 .77  ppm ( J e, f = 7 .6 ,  J e ,d = 1 . 5 ) .  A 
double t  a t  7 .32  ppm was assigned to (J = 7 . 6 ) .  The benzy l ic  
protons had the same chemical s h i f t  and showed as a sharp 
s i n g l e t  a t  4 .17  ppm. The aromatic protons on the t o l y l  group were 
located a t  7 .03  and 7 .35  ppm with  the downfield value assigned to  
the protons ortho to sulfone f u n c t i o n a l i t y .  The methyl protons 
were found as a sharp s in g le t  a t  2.39 ppm.
7. The S u l f in a t e  74
C - O - S
H a' H b '
—C H 3
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Aromatic protons AA'BB' s t i l l  remained a t  s i m i l a r  regions as in 
p re v io u s ly  reported compounds, 6 .96  and 7 .35  ppm. Bridge head 
protons, and H '̂, were located a t  5.39 and 5 .40  ppm as two sharp 
s in g le t s .  Also found was a broad s in g le t  a t  7 .29  ppm assigned to  
the proton. A broad doublet  a t  6 .85  ppm o r ig in a te d  from the 
proton (0 = 7 . 6 ) .  proton had a chemical s h i f t  a t  7 .30  ppm as a 
doublet  (J = 7 . 6 ) .  The two d i s t i n c t  doublets a t  4.91 and 4 .44  ppm 
were assigned to  the be nzy l ic  protons, and H ,̂, w i th  germinal 
coupling constant o f  11.0  Hz.
In sulfone 7^, even though s u l f u r  bonded t e t r a h e d r a l l y  to four  
neighboring groups, no c h i r a l i t y  ex is ted  in sulfone 7^ since two of  
the groups were oxygen atoms. I t  has been possib le  to  make the  
c h i r a l  sulfones by s u b s t i tu t in g  one o f  the two 0 oxygen atoms in  
sulfone by o x y g e n . T h e  a c h i ra l  charac ter  o f  sulfone 73 makes 
the benzy l ic  protons in 7^ chemical s h i f t  e q u iv a le n t .  I t  was shown 
c l e a r l y  by t h e i r  ^H NMR spectrum.
In the case of  s u l f i n a t e  7£  the s u l fu r  atom was pyramidal ly  
bonded to three d i f f e r e n t  groups; the unshared p a i r  o f  e lec trons  
was t re a te d  as the fo u r th  group which was d i f f e r e n t  from those 
th re e  groups. There fore ,  the s u l f i n a t e  74 is  a c h i r a l  compound.
The c h i r a l i t y  on the s u l f u r  atom causes the benzy l ic  protons to 
have d i f f e r e n t  chemical s h i f t s  which also was shown by t h e i r  NMR 
spectrum.
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C, Mechanisms of Product Formation
The proposed mechanism fo r  the formation of the alkene dimer ( c is  
or t r a n s ) (69 and 70) is  shown below.
H Na
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C=N - N  — Ts
/
Ar
68
A H
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\
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Ar
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On therm olys is ,  the sodium s a l t  o f  the tosylhydrazone 68^
decomposed to g ive  the corresponding diazocompound which was fu th e r
decomposed to  form the carbene E le c t r o p h i1ic  re a c t io n  of the
carbene to  the diazocompound formed the dimer precurser  which then lo s t
a molecule o f  n i t rogen  to g ive  the dimer. S t e r ic  repuls ion should favor
the formation o f  the trans  dimer 2Q.
The formation o f  aldehyde M  was the r e s u l t  o f  the reac t ion  between
t r i p l e t  carbene 62 and molecular oxygen. The reac t io n  mechanism s t i l l
remained to be found.
Two possib le  mechanims can be used to  e xp la in  the formation of  
53az ine  71. F i r s t ,  by d im e r iza t io n  of  the diazocompound and second, by
re a c t io n  of  the carbene w i th  the diazocompound.
- NnF i r s t  mechanism;
+ N x
75 75
N = N
I ' N :
71
H
IOC
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In the f i r s t  mechanism, d im e r iza t io n  of  7 ^  fo l lowed by e l im in a t io n  
of one molecule o f  n i t rogen gave the az ine  
Second mechanism:
/:N = N = Cu  'oc
m I
7 ^
In the second mechanism, owing to the e le c t r o p h i1i c i t y  of the 
carbene 62, i t  can be r e a d i l y  at tacked by 7^ to give the azine 2 1 '
The actual reac t io n  mechanism s t i l l  remained as an open question.
In s e r t io n  reac t ions  are t y p ic a l  react ions  fo r  s in g le t  carbenes. I t  
was be l ieved t h a t  the in s e r t io n  reac t io n  was a concerted reac t io n .
Sulfone 73 and s u l f i n a t e  74 probably had s im i l a r  o r ig in s .  In the  
thermolysis  re a c t io n ,  sodium 4 - to lu en e  s u l f i n a t e ,  is the by-product.  
Three resonance s t ru c tu re s  can be drawn fo r  th is  product. The a r y l c a r -  
bene 62 is  a good e l e c t r o p h i le  which can reac t  w ith  the sodium 4- to luene  
sulfone to form an anionic  species. During work-up the r e s u l t in g  an­
io n ic  species was protonated to  g ive  the sulfone 73 and s u l f i n a t e  7 ^  
(Scheme 5 ) .
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Scheme 5. Formation of Sulfone 73 and Sulfinate 74
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D. The Photolysis of Sodium Salt 68
70
68
THF
N— N
71
60
76
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The photo lys is  o f  the sodium s a l t  ^  was c a r r ie d  out in THF in an 
ic e  bath. The r e s u l t in g  products were is o la te d  by PTLC and NO 
TRIPTYCENE was found. The r e s u l t  a lso showed the ex istence o f  alkene  
dimer ( c i s ) a lkene dimer ( t r a n s ) aldehyde azine 21 and
in s e r t io n  product 76. No 4 - to lu en e  sulfone 73 and 4 - to lu en e  s u l f i n a t e  
74 were observed.
The in s e r t io n  product 76 has the fo l lo w in g  s t ru c tu re .
Ho
Hf ^  H,
Aromatic protons AA'BB' were located at 6 .98  and 7.36 ppm as two 
sets o f  doublet  o f  doublets ( J a , a ' =  5 .3 ,  J a , b =  3 . 4 ) .  Two bridge head 
protons, and Ĥ ,, gave two s in g le ts  a t  5.38 and 5.37 ppm. A broad 
s i n g l e t  a t  7 .25 ppm was assigned to  proton. A doublet  of  doublets at  
6.81 ppm o r ig in a te d  from proton (Je ,f  = 7 .6 ,  Je,d= 1 . 5 ) .  Proton 
gave a doublet  a t  7 .27  ppm ( J  = 7 . 6 ) .  Two groups of  doublet o f  doublets  
a t  2.81 and 2 .63 ppm were assigned to the benzy l ic  protons, and H 
( J g , g ' =  11 .0 ,  J g , i = 8 . 2 ) .  Proton gave a m u l t i p l e t  a t  3 .70 ppm.
Proton Hj and Ĥ , a lso appeared as two m u l t ip le ts  a t  3.84 and 3 .96 ppm. 
The remaining protons H^, and gave a m u l t i p l e t  a t  1.82 ppm.
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E. The Vacuum P y ro ly s is  o f  Sodium S a l t  ^
69
70
350 or 450*
^   ̂
Vacuum
60
77
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The pry o ly s is  experiment was c a r r ie d  out using the equipment shown 
in  the Experimental Sect ion.  Thermolysis was def ined as a thermo 
decomposition process c a r r ie d  out in a high b o i l in g  p o in t  solvent a t  
atmospheric pressure. P yro lys is  was def ined as a thermo decomposition 
process c a r r ie d  out w ithout  the use of  a solvent  and under high vacuum. 
This process u s u a l ly  employed a higher temperature than thermolysis .
Two py ro ly s is  temperatures were used, one a t  450°C and the other  a t  
350°C. No d is t in g u is h a b le  d i f f e r e n c e  on the y ie ld  of  the products was 
observed. The r e s u l ts  from p y ro ly s is  ind ica ted  th a t  t h i s  process was 
very d e s t r u c t iv e .  The crude product accounted fo r  only 10% of  the  
o v e r a l l  y i e l d .  The is o la te d  compounds were alkene dimer ( c i s ) 69 , 
alkene dimer ( t r a n s ) 70 , aldehyde 60 and anthracene 77. Again NO 
TRIPTYCENE was observed. The appearance of the anthracene is a very  
in t e r e s t in g  observat ion .  I t s  formation is  the r e s u l t  of a r e t r o  D i e l s -  
Alder  re a c t io n .
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CHAPTER 3 
CONCLUSION
The r e s u l ts  from these experiments c l e a r l y  ind icated  t h a t  ^  TRIP­
TYCENE was formed from 62. Since no t r ip ty c e n e  was formed, i t  implied  
t h a t  ary lcarbene ^  did not undergo the r ing-expansion react ion  to form 
the a l le n e  I f  r ing-expansion reac t ion  had occurred, based on the
previous re por t  from t h i s  lab,  the formation of  t r ip ty c e n e  should have 
been observed. R efe r r ing  to  the rearrangement Scheme 4  , the a r y lc a r ­
bene 62 did not undergo d i r e c t  carbon e l im in a t io n  react ion  to form 
t r ip ty c e n e .
The formation o f  the alkene dimers ( cis  and t r a n s ), an azine, the
aldehyde and in s e r t io n  products were t y p ic a l  r e s u l ts  in l i n e  with the
r e s u l ts  from the decomposition o f  the sodium s a l t  of  tosylhydrazone of  
52benzyl aldehyde. The formation of  sulfone 7^ and s u l f i n a t e  74 was not
53observed in the thermolysis  o f  s im i l a r  compound. I t  was possib le  
th a t  the thermolysis  by-product, sodium p- to luene  s u l f i n a t e ,  reacted  
with the h igh ly  r e a c t iv e  arylcarbene 62 fol lowed by protonation during  
work-up to  give the s u l f i n a t e  74.
The formation o f  sulfone 73 can be described by the react ion  be­
tween arylcarbene 62 and the resonance s t ru c tu re  ^  to form 78. Pro­
tona t ion  o f  78 during work-up gave the sulfone as shown in Scheme 5.
The formation o f  anthracene in the gas phase pyro lys is  of  ^  prob­
ably  came from a r e t r o  D ie ls -A ld e r  re a c t io n ,  which is  therm al ly  allowed 
according to  the f r o n t i e r  o r b i t a l  t h e o r y A t  high temperature, the  
reverse reac t io n  is  th e rm a l ly  possib le  and anthracene was observed.
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Scheme 6. 270 NMR Spectrum of Sulfone 22.
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Scheme 7. 270 ^H NMR Spectrum of Sulfinate 74
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CHAPTER 4 
EXPERIMENTAL
A. General
Proton nuclear  magnetic resonance (NMR) spectra were produced on 
Bruker HX-270 spectrometer a t  270 MHz. Chemical s h i f t s  were reported as 
ppm u n i ts  dowfie ld  from te t ra m e th y ls i  1ane (TMS). NMR solvent was CDCl^ 
unless otherwise s p e c i f ie d .  Mass spectra (MS) were obtained from a VG 
Instrument 7070-HF (Chemistry Department, Montana S ta te  U n iv e rs i ty ,  
Bozeman, Montana). Photolyses were c a r r ie d  out w ith  a Hanovia 450-W 
medium pressure mercury lamp with  a Pyrex vessel in an ice  bath. The 
p y ro ly s is  column was constructed w i th  a two foot  long Vycor tube 1" 
wrapped with  heating w ire .
M a t e r i a l :  Commercially a v a i la b le  reagents were used as obtained
with  the fo l lo w in g  except ions. Tetrahydrofuran was d i s t i l l e d  over 
benzophenone ke ty l  under dry n i t rogen atmosphere and stored under n i t r o ­
gen over 4 A molecular selves.  P repara t ive  th in  la y e r  chromatography 
(PTLC) solvents  were d i s t i l l e d .  Column chromatography was performed 
using Merck s i l i c a  gel (60 -200  mesh). PTLC p la tes  were prepared by 
using EM reagent s i l i c a  gel 60 PF-254 and 366. Components were detected  
by t h e i r  quenching of  f luorescence under u l t r a v i o l e t  l i g h t  at 254 or 366 
nm.
48
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B. The Synthesis o f  T r ip tycene  ^
Anthracene (1 9 8 .0  g, 90-95%, 1 .0  mole) was mixed with  2 .5  L methyl­
ene c h lo r id e  in a 5 L three  necked round bottom f l a s k  equipped with a 
r e f l u x  condenser, a 250 mL a d d i t io n  funnel and a s t i r  bar. Isoamyl-  
n i t r i l e  (1 4 5 .0  g, 1 .2  mole) was added and the whole mixture was brought  
up to  r e f l u x .  While r e f lu x in g ,  a n t h r a n i l i c  acid (1 5 0 .0  g, 1.1 mole, 
dissolved  in 600 mL THF) was added in a 3 h per iod .  Refluxed fo r  18 h, 
and an a l iq u o t  o f  s o lu t ion  withdrawn, checked with NMR, about 1 /2  of the  
anthracene s t i l l  remained. Cooled to room temperature, i s o a m y i n i t r i 1e 
145.0  g more was charged to the 5 L round bottom f l a s k  and system 
brought to r e f l u x  and a n t h r a n i l i c  acid 150 g in 400 ml THF was added in 
a 3 h per iod .  Refluxed f o r  18 h, NMR ind ica ted  about 1 /3  anthracene 
l e f t .  Cooled in ic e -b a th  and f l a k y  c ry s ta l  formed. F i l t e r e d  with  a 600 
mL s in te re d  glass funn e l .  The c ry s ta l  was un-reacted anthracene. The 
f i l t r a t e  c o l le c te d ,  solvents  removed by ro ta ry  evaporator .  The residue  
dissolved in 500 mL methylene c h lo r id e ,  heated to  r e f l u x ,  u n t i l  a l l  
s o l id  d isso lved .  Cooled in an ic e -b a th ,  more anthracene p r e c ip i ta te d  
out.  Repeated the same procedure one more t ime. Col lected the f i l ­
t r a t e ,  solvent  removed by r o ta r y  evaporator  and the residue r e c r y s t a l ­
l i z e d  from e thano l .  The NMR showed bridge-headed protons at  5.41 ppm, 2 
m u l t i p le t s  a t  6 .96  and 7 .37 ppm. The r e c r y s ta l i z e d  m ater ia l  was dr ied  
w ith  high vacuum overn igh t .  Weight 148.75 g, 59% y ie ld ,  m.p. 250-252°C 
( l i t .  m.p. 250-251°C).
NMR (90 MHz, CDC1-,): 5 .40  (s ,  2H, br idge-head)
6 .9 5  (dd, 4H, aromatic, AA'BB')
7 .36 (dd, 4H, aromatic, AA'BB')
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C. The Synthesis o f  T r ip tycene  2-Carboxaldehyde M
r "7
D ir e c t  fo rm yla t ion  o f  t r ip ty c e n e  :
T r ip tycene  ( 7 . 3  g, 0 .030  mole) was dissolved in 30 mL dr ied  methyl­
ene c h lo r id e  in a 100 ml round bottom f l a s k .  The vessel was immersed in 
an acetone bath cooled to -20°C with  l i q u i d  n i t rogen and maintained at  
t h i s  temperature by a d d i t io n  of  l i q u i d  n i trogen o ccas iona l ly .
While s t i r r i n g ,  d ichloromethyl methyl e ther  ( A ld r ic h )  (5 .1  g, 0 .044  
mole) was added a l l  a t  once and then AlCl^ ( 5 .9  g, 0 .044 mole) was added 
in 10 mins period w h i le  temperatures were kept between -20*C and -25°C.  
A f t e r  the a d d i t io n  o f  A lC l^ ,  the temperature was allowed to r a is e  to 0°C 
in one hour. The dark mixture was poured over a 500 ml beaker con­
t a in in g  200 g ice and 20 ml d i lu t e d  hydrochlor ic  ac id .  S t i r r i n g  was 
appl ied  and the c o lo r  o f  the s o lu t io n  changed to  l i g h t  yellow immediate­
ly .
The aqueous s o lu t io n  was e x trac ted  twice with  chloroform, 100 mL 
each. The organic port ions  combined and washed twice w i th  d i s t i l l e d  
water .  The organic po r t ion  d r ie d  over molecular sieve f o r  18 h. The 
NMR spectrum of  t h i s  crude m a te r ia l  showed two c lo s e ly  located s in g le ts  
a t  9 .83  and 9 .84  ppm. Alumina column chromatography with  CH2C1^ /p e t r o -  
leum e ther  = 1 /4  = V/V as e lu t i n g  solvent  were used to  f u r th e r  p u r i fy  
the aldehyde.
Three 150 mL f r a c t io n s  were c o l l e c te d .  The f i r s t  f r a c t io n  con­
ta in e d  the desired product contaminated with  some s ta r in g  m a te r ia l .  The 
second f r a c t i o n  was mainly b is -a ldehyde .  The t h i r d  f r a c t i o n  contained  
polymeric  im p u r i t ie s .  The f i r s t  f r a c t i o n  was f u r t h e r  p u r i f i e d  by s i l i c a
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gel column chromatography using CH^Cl^/pet e ther  = 1 /4  = V/V. The 
product, 3 .44  g, was obtained which corresponded to  37% y ie ld .
The a d d i t io n  sequence of AlClg and dichloromethyl methyl e ther  was 
reversed compared to  the o r ig in a l  procedures on the reference which led 
to  low product y i e l d .  A c r y s t a l l i n e  product was not obta ined. The 
i d e n t i t y  o f  the product was confirmed by high re s o lu t io n  NMR spectrum 
(see Results and Discussion) .
D. The Synthesis o f  Tosylhydrazone of  Tr ip tycene  2-Carboxaldehyde | 7
T r ip tycene  2-carboxaldehyde ( 4 . 0  g, 0 .014  mole) was dissolved in 30 
mL anhydrous THF and p - to lu e n e s u l fo n y l  hydrazide ( 2 .6  g, 0.014 mole) was 
added. The whole mixture  was s t i r r e d  a t  room temperature overnight .  
S ol id  c o l le c te d  by vacuum f l t r a t i o n ,  re c ry s ta l  1ized from 95% ethanol got 
tosylhydrazone (2 .01  g, 32%) m.p. 218-219*0.
E. The Synthesis o f  Sodium S a l t  68
Tosylhydrazone (2 .01  g, 0 .0045 mole) was put in a 50 ml round 
bottom f l a s k  w i th  20 ml dry THF. To th is  was added sodium hydride  
(0 .1 0 9  g, 0.0045 mole; 0.191 g o f  a 57% dispers ion in mineral o i l ) .  
Mixture  s t i r r e d  a t  room temperature fo r  1 /2  h. The s o l id  was washed 
with  dry THF 20 mL tw ice  and d r ie d  under vacuum overn igh t .  Weight: 1.17  
g, 55%.
F. The Solut ion  Thermolysis o f  Sodium S a l t  68
In a 100 mL round bottom f l a s k ,  equipped with  a thermometer, was 
added 50 mL of  diglyme. The system was brought to 125°C with an o i l
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bath .  The sodium s a l t  ( 1 . 0  g, 0,0021 mole) was added a l l  at  once. 
Immediately co lo r  changed to pink, and 5 mins l a t e r  to  l i g h t  ye l low.
The nrixture was s t i r r e d  f o r  2 h wh i le  the temperature was maintained  
between 125-130°C. A f t e r  2 h, the diglyme s o lu t ion  v/as cooled to room 
temperature. Sol id  was removed by vacuum f i l t r a t i o n  and the f i l t r a t e  
was poured in to  100 mL H^O. The water-d ig lyme mixture was cooled in an 
i c e -w a te r  bath f o r  1 h and white  p r e c i p i t a t e  formed. Since the white  
p r e c i p i t a t e  was unsuccessful ly  c o l le c te d  by vacuum f i l t r a t i o n ,  the f i l ­
t r a t e  was put in c e n t r i fu g e  tubes. The white  p r e c i p i t a t e  was spun down 
by c e n t r i f u g a t io n .  A f t e r  decanting the supernatant, the residue was 
disso lved  in 100 ml chloroform. The s o lu t ion  was d r ied  with 4 A molecu­
l a r  se ive  overn igh t .  Molecular  seives were removed by f i l t r a t i o n  and 
f i l t r a t e  was c o l l e c t e d .  Chloroform was removed by r o ta ry  evaporator.
The residue weighed 0 .5 4  g.
The mixture was separated and p u r i f i e d  by PTLC with ch loro form /pet
e the r  = 2/1 = V/V. Weight (percen t  y i e l d )  = c is  dimer 6
t rans dimer JQ 18
aldehyde ^  12
azine 2JL 11
in s e r t io n  8
sulfone 2 ^  5
s u l f i n a t e  74 20
G. The Photolys is  o f  Sodium S a l t  63
In a 50 mL round bottom f l a s k  was added 25 mL anhydrous THF and
sodium s a l t  ( 0 . 5  g, 0.0011 mole) .  The o u t l e t  a t  the top of the f la s k
was connected to a mini o i l  bubbler to  in d ic a te  gas e v o lu t io n .  The
f la s k  was immersed in an ice  water  bath r i g h t  next to the Hanova 450-W 
medium pressure mercury lamp. A f t e r  3 -1 /2  h o f  i r r a d i a t i o n ,  ni trogen
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e v o lu t io n  ceased. The photo lys is  was stopped. The sodium g - to lu e n e -  
s u l f i n a t e  was removed by vacuum f i l t r a t i o n .  The f i l t r a t e  was co l le c te d  
and the THF removed by ro to ry  evaporator .  The residue was dr ied  under 
vacuum overn igh t .  The residue weighed 250 mg.
The residue was separated and p u r i f i e d  by PTLC w ith  chloroform/pet
e the r  = 2/1 = V/V. Weight (percent  y i e l d )  = c is  dimer 62
trans dimer 70 
aldehyde §0 
azine
in s e r t io n  7 
sulfone  
s u l f i n a t e  74
4
15
10
10
30
0
0
H. The Vacuum P yro lys is  o f  Sodium S a l t  6§
To Vacuum 4
Soit
Sodium s a l t  68 ( 0 . 5  g, 0.0011 mole) was packed in to  the closed end 
of a L-shape Pyrex tube. This was attached to the upper end of  the  
Vycor py ro ly s is  column. The lower end of the column was attached to a 
U-shape Pyrex tube and the U-shape tube was immersed in l i q u i d  n itrogen.
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The other  end o f  the U-shape tube was connected to the vacuum pump. The 
heating zone on the pyro lys is  column was p r e c a l ib ra te d  to 450“C wi th  a 
thermocouple. The py ro ly s is  was achieved by s t a r t i n g  the heating and 
vacuum pumping f o r  1 h. The s a l t  was tapped in to  the pyro lys is  column 
in 1 h. The decomposition o f  the s a l t  was evidenced by an increase in 
pressure from the e vo lu t ion  of  n i trogen gas. At the end of  the addi­
t i o n ,  power fo r  the heat ing zone was turned o f f  and cooled to room 
temperture .  A l l  the residue was washed out with 100 mL chloroform.  
In so lub le  m a te r ia l  was removed by vacuum f i l t r a t i o n .  Col lected f i l t r a t e  
and chloroform was removed by ro to ry  evaporator (crude weight 105 mg, 
37.4%). The crude residue was separated and p u r i f i e d  in to  four  compo­
nents by PTLC w ith  c h lo ro form /pe t  e the r  = 2/1 = V/V.
Weight (percent  y i e l d )  = anthracene 4 .2
c is  dimer 1.5
trans dimer 70 4.1
aldehyde ^  2.7
A m a jo r i t y  of  the residue remained a t  the s t a r t in g  l i n e .  Proton NMR
spectrum in d ica ted  polymeric m a te r ia l .
54
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX: MS Results  
Compd # Formula Calcula ted Found
60 ^21^14° 282.1045 282.1044
69 C^gHgg 532.2192 532.2192
70 ^42^28 532.2192 532.2188
71 C^gHggNg 560.2254 560.2247
72 CgyHggOg 400.2039 400.2039
73 CggHggOgS 422. 422.
74 CggHggOgS 422. 422.
76 CggHggO 338.1665 338.1665
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